Rapeseed (Brassica napus ssp. oleifera 
1.
Introduction Regeneration is a prerequisite in the process of obtaining plants under in vitro conditions.
Technically, the induction of a regeneration process is very simple to perform, but the following precondition must be fulfilled. The explant containing totipotent cells should originate from a plant whose genotype has a strong potential to regenerate. The use of proper varieties of a given plant species may ensure success of a project. The literature on the subject names numerous varieties of different kinds of plants which are useful in regeneration processes under in vitro culture. Basing his decision on the data coming from the literature, the experimenter may choose a crop variety which in his opinion will be the best initial plant material to start the in vitro culture [1] . Nevertheless, plant regeneration abilities vary significantly between species, as well as between genotypes within the same species [2] . Intra-varietal variability of the organogenetic and callogenic response to plant growth regulators used in regeneration induction may be as great as the variability between species [3] . Species of the genus Brassica are characterized as easily regenerating [4] . However, it is very common among species generally known as well-regenerating that a considerable number of genotypes are resistant to regeneration induction. On the one hand, rapeseed (Brassica napus ssp. oleifera) is commonly considered as a good source of material to conduct in vitro culture, but on the other hand, within the species itself a substantial genotypic variability concerning regeneration capacity can be observed.
The aim of this research was to analyze regeneration ability of eleven closely related rapeseed double haploid lines under in vitro conditions on an MS medium with the addition of indole-3-butyric acid.
2.
Material & Methods The plant material used in the study were cotyledonous and hypocotylous explants which originated from eleven rapeseed (Brassica napus ssp. oleifera) doubled haploid lines obtained in anther culture form the crop varieties Wotan, In order to obtain explants, grains of rapeseed were sterilized and incubated on a basic MS medium [5] according to the standard in vitro culture procedure. Subsequently, the grains were kept under appropriate light and temperature conditions for five days. Afterwards, hypocotylous and cotyledonous explants were extracted from young seedlings. The collected explants were incubated on the MS medium again, but this time (with the addition of) it contained 10mg/l indole-3-butyric acid (IBA). The control was MS medium without a growth regulator. In every plate 9 explants (6 cotyledons and 3 hypocotyls) originating from 3 seedlings were placed. The experiment was repeated three times and each replication included 45 explants from each line. Altogether, 2970 explants were incubated, out of which 990 were hypocotylous explants and 1980 cotyledonous explants.
Regeneration evaluation was performed after 28 days of culture. Regeneration effectiveness of DH lines was measured based on the proportion of shoot regenerating explants to the total number of explants used [6] In order to determine significant differences in shoot regeneration between closely related DH lines statistical testing with the use of R application was used. Significant differences were examined at p value < 0,05 using Kruskal's test and at p value < 0,01 using Student's test. Null hypothesis assumed mean identity for both samples which means that no significant differences in regeneration effectiveness between the two tested lines were observed whereas an alternative hypothesis assumed that means from these samples differed significantly. The difference in shoot regeneration effectiveness was considered as truly significant when p value was smaller than the set confidence level both for the results from the control medium and for the results from the medium with the phytohormone.
3.
Results The tested DH lines showed genotypic diversity in the manner of explants regeneration on the applied medium types. Direct shoot and root formation as well as indirect explant regeneration via callus were observed on the edges of the extracted plant tissue. The presence of callus was observed in insignificant quantity on each type of the explants, but its formation was limited to the cut ends of plant tissue and expanded only in late phases of culture. Callus and adventitious root development were observed on the basal side of hypocotyls while shoots were rather formed on the apical end of hypocotyls. Only the explants from the K-5 line, incubated on the control medium, and the W-15 line explants placed on the medium with the addition of IBA did not regenerate callus at all. Moreover, callus was observed neither on the control hypocotylous explant of the lines B-21 and K-24 nor on the control cotyledonous explants of the line W the control medium callus regenerated occasionally whereas on the medium with auxin it was formed approximately on ¾ of the explants tested.
Rhizogenesis was found on every cotyledonous explant which was incubated on the control medium, except for the K and B-18 line explants which did not form roots at all. The extent of rhisogenesis was, however, limited. Hypocotylous explants were forming roots on the control medium occasionally and only in case of three lines. On the medium with the addition of artificial auxin rhizogenesis was observed on all explants apart from the W which did not regenerate roots at all. On the medium with phytohormone rhizogenesis was observed on approximately 84.4% of the explants tested and on 21.3% of the explants from the control medium.
Shoots formation was considerably lower in comparison to rhizogenesis. The variability of shoot regeneration effectiveness on the medium with IBA ranged from 0% to 42% for the first replication ( Fig.1) , from 2.2% to 37.8% for the second replication (Fig.2) and from 0% to 44.4% for the third repli experiment (Fig.3 ). Minimum and maximum on the control medium in the first, second and third replication of the experiment were 0% and 6.7% (Fig.1 ), 0% and 8.9% (Fig.2) , and 0% and 13.3% (Fig.3) respectively.
Shoot regeneration effectiveness for the medium with IBA was 18.3% on average and was higher than the average shoot regeneration effectiveness on the control medium, which occurred occasionally on 3% of the explants. Shoots regeneration of cotyledonous explants was observed only on the control medium. On Copernican Letters 5 line, incubated on the 15 line explants placed on the medium with the addition of d not regenerate callus at all. Moreover, callus was observed neither on the control hypocotylous explant of the 24 nor on the control cotyledonous explants of the line W-15. On the control medium callus regenerated the medium with auxin it was formed approximately on ¾ of Rhizogenesis was found on every cotyledonous explant which was incubated on the control medium, except for the K-5 18 line explants which did not form xtent of rhisogenesis was, however, limited. Hypocotylous explants were forming roots on the control medium occasionally and only in case of three lines. On the medium with the addition of artificial auxin rhizogenesis was observed rom the W-15 line which did not regenerate roots at all. On the medium with phytohormone rhizogenesis was observed on approximately 84.4% of the explants tested and on 21.3% of the explants from the control medium.
Shoots formation was considerably n comparison to rhizogenesis. The variability of shoot regeneration effectiveness on the medium with IBA ranged from 0% to 42% for the first replication (Fig.1) , from 2.2% to 37.8% for the second replication (Fig.2) and from 0% to 44.4% for the third replication of the experiment (Fig.3) . Minimum and maximum on the control medium in the first, second and third replication of the experiment were 0% and 6.7% (Fig.1) , 0% and 8.9% (Fig.2) , and 0% and 13.3% (Fig.3) respectively.
Shoot regeneration for the medium with IBA was 18.3% on average and was higher than the average shoot regeneration effectiveness on the control medium, which occurred occasionally on 3% of the explants. Shoots regeneration of cotyledonous explants was ntrol medium. On the medium which contained IBA shoots regeneration was found in the majority of cotyledons. Nevertheless, hypocotylous explants incubated on the IBA medium were regenerating shoots only in 0.6% cases. The highest average shoot regeneration effectiveness was observed for the line H-396 on both types of the mediums. Repeatability of the research results remained the same during all replications of the experiment. Mean values of shoot regeneration obtained in the experiment are presented in fi The Student's test conducted on samples regenerated on the medium with the addition of phytohormone and without it revealed significant differences in shoot regeneration effectiveness between the lines 69 and W-78 as well as 70 and W-78. The lines 24 also proved to be significantly different with respect to shoot regeneration both on the control medium and on the medium with IBA whereas between the 129, and H-396 as well as 18 and B-21 the 's test indicated significant differences in shoot regeneration effectiveness only for samples incubated on the medium with the growth regulator. The Kruskal's test confirmed significant differences in shoot regeneration effectiveness between the lines W-15 and 78, W-70 and W-78 as well as between the lines K-5 and K24 on the control and tested medium. The same test showed significant differences in regeneration abilities on both kinds of medium for the lines H-105 and H-396.
, [4, 7, 8] .
The reaction of explants to different culture in vitro conditions may vary. Identical genotypes incubated in similar conditions often respond differently. The response may result from specific requirements of an individual concerning culture conditions and from greater or lesser regeneration abilities of a plant [4] .
Among many factors influencing the success of a regeneration process under in vitro culture, the genotype seems to play the most important role [9] .
The differences existing in shoot regeneration abilities between explants originating from different genotypes of one variety show that the regeneration process in the species Brassica napus is highly variable and genotype-specific [10] .
In this paper differences in shoot regeneration effectiveness between four doubled haploid pairs on a control medium, and as many as eight on a medium with the addition of indole-3-butyric acid were observed. Similar results were presented in the paper by Burbulis et al. [9] , where significant differences in callus induction and plant regeneration were observed among three DH lines. In these research hypocotylous explants of the lines NL-611 and NL-662 displayed greater ability to form shoots than the line NL-685 on a medium containing 4 mg/l BAP and 0.05 mg/l NAA.
Similar results were obtained when examining other species of the genus Brassica, for expample B. campestris [11] , B. oleraceae [12] , and B. rapa [13] .
These results confirm earlier reports regarding regeneration capacity in the species Brassica napus [14, 15, 16] and point to the importance of genotype in shoot regeneration.
The use of both genotypes resistant and susceptible to identical conditions of in vitro culture within the same genus may simplify genetic research [17] .
Closely related doubled haploids revealing significant genotypic variation in shoot regeneration among each other may be a useful tool in the study of genetic background concerning regeneration ability under in vitro conditions in the species Brassica napus ssp. oleifera.
5.
Summary The experiment indicated a significant variation existing among closely related doubled haploid lines of rapeseed. Such lines may be useful in the study of the genetic background of regeneration ability in important crops such as rapeseed. However, regeneration ability of plants is a complex feature, highly influenced by different genetic and environmental factors. Further and more detailed research is needed in order to fully understand the genetic background of regeneration capacity in rapeseed explants kept under in vitro conditions.
